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for our own use, it  was3 impossible to comply at  once with 
the British Admiralty’s request. Steps were taken, how- 
ever, to furnish them as soon as possible, with the result 
that two were sent durin August, 1918, and the r e  

Itn7y.-A4t the recpest, of representatives of the Italian 
Royal Flyin Corps, informatmion was given as to t,he best 
conditions o f pressure distribution under which to attemp t 
cross-country fli hts between Hanipt.011, Va., and Ne\\;. 
Yo&; between #ampton and Chicago, Ill. ; niid betwern 
Chimgo and New York. 

maining four shortly after t 5l e close of the war. 

CONCLUSIONS. 

The policy of the Aerologicitl Division wa.s a t  till times 
to furnish as qukkly as mssible the nvailablc tla.t,n, 

in tlie prosecution of the war, and at  the same t.ime to 
increase its facilities for’such cooperation by mtiking im- 
provements in its equipnient rind by bringing. together 
into concise form the results of all aerologicd investiga- 
tions, not. only in this country but in other parts of the 
world as well. It is beliered that talie most iniport.ant 
‘results accomplished have been: (1) The nid rendered the 
Army and Navy in organizing their nieteorological serv- 
ices; Q) the equipment furnished to those services, thus 
enabling them to make observations a t  a large number 

equipment, etc., needed by t. h e military and naval services 

of training fields; and (3) data, informntion, and advice 
to t.lie milit.nry nncl naval services relatire to free-air cnn- 
ditions, both as t.o nienn values and for specified times 
and places. Whatever of value litis been achieved is due 
very largely to the never-failing advice and sympathetic. 
sup ort of the Chief of Bureau: t.o the lienrtv coopernt.ion 
of t. P ie atlniinistrat.ivc otticew and chiefs of divisions of the 

to tlie industry, enthusiasm, and 
of thin division, both at  tho . 

AS TO THE FUTURE. 

The n e d  for tierologionl data in p~aco timw will 
Iwconie. i~ic:ronsingly urgent. Iniprovements in airmtf t, 
will very likely result in ninkiiig thcm loss tlepmdent 
u xui wtwthc?r conditions thnii n t  proseiit, Init i t  is not 
liL1y that tlie time will ercr conic wlien it kncnr~cc~go 
of the a.ir ~ani iot  t)c. usntI to t i d ~ t i i t q c  1)s the wiittor. 
Tho dcvdopmrnt of the Ac!rinl Ma.il Service alii1 of com- 
mcroinl avin.tion niakt?s i t  inipertttivc t.hat we con ti nu(^ 
and espanil our upper-a.ir foreansting service. Aside 
from these consirlora.tioiis frcc-air ohssrvations are so 
inherently rolntrd to surfnce ohorrations that) n stuily of 
thcm ns now begun oa.ii liartlly fail tmo incresse the ncauracy 
of “forocast.ing the wetither.” 

SOME SCIENTIFIC ASPECTS OF TEE METEOROLOQICAL WORK OF.THE UNITED STATES ARMY.’ 

By Lieut. C‘ol. R .  A .  M I r m I i A x .  Pi~tial ~:oq~s,  11. 8. A. 

There is no more interesting illustration of the appli- 
cation of new scientific methods to wnrfare than is fur- 
nished by tlie deve1opment.s in meteorology during tlie 
Great war. Prior to 1914 a meteorological section wns 
not considered a necessary part of the military service. 
No corrections had ever been macle by the artille 
army for any save surface minds. Firing by t e niap 
waq almost unknown. No Sound-ranging $orvice, no 
-4ir Service, and no Anti-aircraft Artillery had ever 
esistorl to demand aero1ogic:ttl data. 

At  the time of the signing of the armistice on the 
westnrri front the Air Servior! and all the artillery were 
being furnished every two hours with the temperature, 
density, wind velooity, and direct,ion, taken a t  the surface 
and a t  various altitudes, from 100 to 500 meters a art, 

which each battery could obtain the correction suited 
to its trajectory for tlie so-called ballistic wind. This 
is the avera o wind for the traject,ory, weighhd for t.he 

ns when used for barrage work made uso of 
machine these ha1 P istic-wind tables. 

In addition, daily forecasts were furnished to tho 
armies in accordance with the following outline,: 

A. Character of weather for each arm of the service. 
B. Winds: Surface, a t  3,i)OO in., and a t  5,000 m. 
C. Cloudiness, including fog and haze. 
D. Hei h t  of cloud. 
E. Visiti1it.y. 
F. Rain mid snow. 
G. Temperature. 
H. Warning of weatlwr aonditions favorable for US(: 

8. Probable accuracy or odds in favor of forecast.* 

P Of 

up to 5,000 meters. Further, tables were prepared P rom 

density of t a e air at the clevations traversed. Even 

of as by enemy. 

1 Read belore the Americm Phvsical Societv on Apr. 25 1919 at Washington D. C. 
* A  more detailed account of this work in Fiance is be& prdpred for the T&vIEw 

by one of the meteorological officers still Ow~eaS. -EDITOR.  

Most. of the aerologicd h t , a  were oht,uined from t , l i cwIo-  
lite obscwxt.ions on pilot. h:tlloons. The cst.ent t.o which 
our knowlodge of t,he upper nir has heeh and is h i n g  
cdcnded hy this pilot halloon work niay he seen from 
t.lie fact t.hat before t.he war there esist.ed but one st.at.ion 
in tho Unit,erl St.ates where pilot. balloon esplorat.ions 
were regularly carried on. Wit.hin it year of t,he incep- 
t,ion of the met~eorologicd scrrice in t.he United St,ntc.s 
Army, 37 complete st,nt.ions for t.he ol)t.aining c ~ f  hot,li 
surface niid upper-air data in aid of aviation and t . 1 ~  
nrt.illery l i d  beon ostablishecl in the Vnited Statw (see 
fig. 4, -, above) and equipped with s>ecixl ti.ircrti.ft, 

heen produced before in t,liis country. Further, 21) sucli 
st.nt.ions had been est,ahlished by our forces abrond. For 
t.he m i h i n g  of this service, Itbout 500 specially wlcct~cd 
men had heen t,rainerl in this count’ry ttnd 314 of t.hsnr 
writ abroad, whilc a.bout 200 were helcl for work in tdic 
Unit,ed St,at,es. 

The scient,ific int,erest, in t.liis aorrict? ccnt,cix nl)out. four 
d idnc t  problenis : 

1. The est.ension of our knowledge of the litw of iiiotioii 
of pilot balloons. 

3. The procurement, of d a h  and t,he dedopnwut  or 
nie.thods for t,he prepnrat.ion of artillery rang(! t.ahlcs. 

3. The development, of long-range propngandii h l -  
loons. 

4. The charting of the uppnr air in the United St,ittos 
t i c 1  overseas in :i.icl of aviation. 

1. The e .rCo~Gon.  011,r Pnou&dga qf the l(i.ui qf moti:~t t  
of p i M  bnZhons.--Prior t.o t,he develo mente o f  t,Iw 

in the Unit.ed Stmates perhalis lo9 pilot balloon flights, in 
which t,he balloons had been followed by t,he two-t.lieodo- 
1it.e method-the only niet,liocl which permit,s of real 
accurady ; and in several European countries there had 

tlieodc$!lt.es tind pilot hdloons, neit,lier of w \ iich hat1 ev(!r 

Meteorological ,Service of the Army there P iad I ~ e n  m:idc 
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been a somewhat, greahr number, hut t.he dnta were 
incomplet,e and fragmentary. 

Witshin the past .year approsini:tt,ely 5,001) such rilwt+r- 
rat ions have been taken 1j-y t.he Met.eorologica1 Servicc I if 

t.lie Signal Corps. I h n i  tlt& iibsc!rvations tlw alt.it.u(lc 
of t,he htilloon IS clcterniined wit.11 great. avyuracy by t i j -  
angulat,inn, t,ha base line being usually a mile or morr. 111 
1cngt.h. The balloon is kopt in sight up to  tlist.:mcon iLs 

great, RS 60 miles and 1111 to 1ieioht.s as great BS :$2,NM) 
niet,ers, or approxin;at.ely 20 m5es.  or tho 1mctic:tl 
uses of .the art.il1er.y and the air servicc, obsc!rvittions nec.c!tl 
not be carried highnr t.han 10,nOO mc?t.ers (6 niilw), 
which is t.lie est.reme hoight, t.o which airplaiiw liavc? thiir; 
far ascentlcd or t.o which projcc.t,iles usudly go. 

In 1-icw of t,he numlwr of rarinhles which ent.c.r int,o 
t.he rate of iiscciit, of pilot, h:illoons, such a.s the cha1ig~ng 
density and t,he chii.nging temperatmure of the surrountling 
air, the chnn@ng size of t.lic! balloon nnd coiisqumt, 
changing tonsion of tlie rubher envelope, the climging 
temperat.ure of its interior 1)ecause of the nlisnrption .of 
the sun’s rays, t.he diffusion of hyilrognn through its 
walls, ct.c., it, is one of t,he most, st.riking fnct.s to he found 
an where in the anntds of enipiricd scit?nce that. these 
ha 8 ooiis rise to great, Iieiglit,s wit~liout. clc?viat.ing npprc- 
ciahly from the simplest pc)~sible law of itsctmt., iiiiiiicdy, 
t.liat of const.ant speed. C;i.aphs Nos. 1, 2,  3, 4, : I I ~  5,  
in figures 1 and P ,  show hcnut.ifu1 esnniples of t,liis con- 
st,ancy. Graph No. 6, figure 2 ,  shows n kink at  nhout. 
5,500 meters, which is presumably due to n drscending 
current, st.ruck tit, that. idt.itude. Graph No. 7? figuiv 2 ,  
shows a bnlloon followed t.0 n height o.f 20,000 meters, 
where it. a11 arently developed a leak and f i l ed  t.o nsci?ntl 
farther.’ 8rapli No. p shows t.he fluct.u:tt.icms wliicli ti.r(? 
often found at. low altitudes, t,licse fluctuations Iwing 
undoubtedly due to ascendiiia aid  dtwmidiiig c.tirrelit.s.’ 

The estreme constancy in tke rate of Hscent shown in .a 
great majority of flights, although surprising enough, IS 
not as inespl’icable as i t  at, fimt appears, for since the 
pressure within the htilloon due to the t.ension of the 
rubher itself is only from 5 to P centimeters of wnt.er. 
and since this pressure is at. set1 level less than 1 per cent 
of the pressure of tlie a.tniosphere, it will he seen t h t .  the 
hnlloon will expand practicdly freely; thnt is, tis tBougll 
the walls did not constrain the oris a t  all. up t,o heights 
of, say, 1O,OOO meters, where h e  &essure is about, a 
third of an atmosphere. This niea.118 tha.t the a.scen- 
sional force must be entirely independent of tem ernturc? 
and pressure? For the speeds with which these Kalloonu 
n.scend, namely, about 3 meters a second, the resista.nc.e 
to motion must be directly proportional to the density 
of the air, and experiment shows it to be nearly propor- 
t,ional t.0 the cross-section of t,he balloon; t.1ia.t is, to tlic 
square of the radius. This niakes the resistance vtiry 
tis the cube root of tlie density,‘ which nieitns that a t  a 
height of 6,000 meters, where the density is about onc- 
halt, the resistance is 0.83 of what it would be a t  the 
- 

1 A pilot halloon which a ,pears similarly tn have reached a limiling altitude \vas 
followed for ?;& minutrs (anh rould ha\ e h e n  folloyrd for longer) at Murnmnsk, N i r .  
2Q lSl9 If thecomputedascensionnlrate hWfeet/rnin. I I52m./min.) had l~ernassumed 
to’hold’throughout the run. the inrliratedalt!tudn~i~uld have heen 129,lW feel (49,320 
m.). From notes hy Capt. W. H. l’ick, puohshed in I3rit. Yet’l Ofl. Vir., No. 95, 110). 
I, 1919 p 3.-ED. 

2 see‘p‘. 2 2 % ~ ~  Irelow. 
a For iffl, d l ,  1‘1, pl, f l  reprercnt asrensional Iorce, density, voliinie, pressiirr. and Iein- 

peraturqat the surface of the earth, andf:, dz. ti?, p:. 12, the correspvnilinp qiiantities at 

any giren elevation, then, since ~ ~ - = ~ = ~ B  (1) -1  there results [rum n 
fr uadt’ (- 

comhiuation oi(1) and (3) fi=$i-:$XF$=l. 
f l  

4 For if RI  is the resistanre at the earth’s surhce and RI that at any given altitude. 

!!‘-?& which is seen from (1) to equal (2)i 
R: t$& 
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surfnce. If, AS is y)prosimat,ely t.rue for these speeds, 
blie resist,ance varies tis the ST uarc of the velocity or the 

nipm t,Ii:ti; t.he relocity should viirj- as t,he s i d i  root of 
the t1cmsit.y. In othrr words. sincc thr sistli root of 2 is 
1. I:{, nt. 21. bight of 6,000 iuc!t.c.rs tlic vc1ocit.y should be 
nhout I:< per cciit greater thnn at) tho surface. Such an 
incre:isr i t i  ve1iwit.y would hc wry easily ol~scrrit.hle in 
the c~sperin:,~iit~;il tlni.:t. The fnct that, it is not found 
t,lic?rc! is due t,o tlic wholly fort,uitous circums trance that 
t.hc slow diff iisioii of lij-tlrog~n through the walls, ns 
ohservat.inii hy Bhir :ind Sherry h a s  show~i, is ‘ust suffi- 

sional mte enough t.0 make it, c p i t o  exactly cnnstunt. 
This m:i.kcs it, possible, provided one could n1w:rys 

tluplic*ntc the. siz(? m c l  weight of his hlloon, to obtain a 
very esact clet.erininn tion of wind velocity ani1 direction 
1)y n i,nc-tliei,tli,lit,c met~lioil, t ho  hcight being ti.lways 
kiiown from t,lie t.ime ~ i i d  tlie linowv~i mte-of 61 scent,. 

When, Iiowcvclr, the weight nntl inflat,ion of the bal- 
loons arc varic?cl. as they must he in pmct.ice, since the 
hdloons vary in weight from 20 t.o 35 grams, w d  since 
it is conrcnirntv also t.o vary the filling according a.s low 
nlt.itutlc! or high altitude wind data are desired, it is 
found tlini, 110 ac..c.urti.tc formula can be found for com- 
put.ing the speed in t.crms of the ascensional force, the 
weight to be lifted, ~ n d  a single inrariable constant. 
For n qwosimat,e work, however, the one-theodolite 
metho( \ , hecause of its conrenienoc and because of the 
im~rnctic:~hilit,q- of iliensllriliv an accurate base line a t  
tlic front,, is mucli in use, n!i(Y onc of the atlvances made 
in the met.eorologicn1 work of t.hc Ar~iiy durin the past 

amount of t h t a  ;tvail:hlc. it gencrnl formuln for t,he rate 
of uscent. in t.ernis of t.ho Rscensional force and the weight 
of the Lallmn, which, though far from nccurnte, is more 
reliable than thitt, which has heretofore been used. The 
formula heretofore used is that  of Dine’sy namely: 

ve1ocit.y HS t,hc srluwo root, o 1 t h  resiat.nnce. this would 

cient. wit.li t,he hrllnnns hrrc user1 t.n retard t 1 ie asceii- 

year 1ins consist.cql in tleveloping, with the aid o 9 the large 

7’. - _  - - I  

in wliicli 1’ represents tlii? rate of a.acent, in meters per 
minute, Z is the free lift, or t,he weight! of the displaced 
air less the weight of tlie bnlloon and contained hydro en, 

a. constant. 
The formula as niotlifierl by the observeis of the Signal 

Corps is 

L is t.he weight of the balloon plus tlie free lift, and !? i is 

This formula is found to fit the observational data within 
the ranges used in tlic Signal Corps work t,o an accuracy 
of soniew1iri.t less than 10 per cent, which is sufficient for 
most work a t  the front? 

2 .  AIettmvlqy i ti .  thr (I id qf’ t1i.c arf.illery.--In former 
times, when guns did not shoot to a greater distance than 
S or 10 miles, i t  wns usually possible to observe where the 
projectile liit ancl to correct, errors by “spotting.” This 
niatfe unnecessary the correction of the trnjec tory for tlle 
influence of the wind and the cliangiiig tlensit,g of t.he air 
wit,li increasing altitude. In the present war, howeve!, 
guns have heen built to shoot much farther and, in addi- 
tion, camouflage has prevented the visual location of 
guns, even R t  the old ranges. Hostile batteries have 
been located in ninny instances solely by the new mt of 

6 Further details of lhe develnpmciit 01 this Iorinuls are given on p. llS, below. 
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TIME-ALTITUDE GRAPH5 
GF 5IGRAL C13RP5 PILUT BALLUDM [105ERVATIUM5 

PIG. 1.-Tim-altitude graphs of typical pilot balloon runs. 
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sound-ranging, which lias itself demanded, for the high 
acrurac.y attained, aerological data. The answering 
hattery has been obliged to fire wholly by the map, so 
that it is obvious that it has becoiiie nec-essary to make 
c.arcfu1 a1lowanc:es hoth for the density of the air rmd thc 
tlirc?r tion and velocity of the. wind t i t  various altitudes. 
Snnie of the moclerii projectilcs re?iinin in the air t i s  long 
as 70 seconds, and a moderate wind blown!g across the 
path of such ti projectile niight. easily cause it to tlrop 
half a niile awxy from tlie point, a t  whicli it wnuld strike 
if fired in st,ill air. The wiud dh-ect,ion and ve1ocit.y nt 
rnrious altitudes have been obt.ained, as tilrqsdy indi- 
cated, by pilot balloons, while the t.eniperat,ure lias hem 
deteniiined a t  tlie proving grounds by sending self- 
recording instruments aloft iii specinlly construc ttxl hos 
liit:es, as well as hy sendiiig instruments ttntl nleteorolog- 
ical observers aloft in nirplnnes. It lias heen with the 
aid of otxm-vations of this sort, that the new- range tcthles 
for the Ordnance Department of tlie United States Army 
have been constructed. The importance of this work 
nisy he understood when it. is considered that these range 
tables will .be used in connection with the firing of all 
guns, and errors in tlieni would produce errors in tlie range 
of every gun fired with their aid. 

~oo.ns.-~n view of the fact that  ahore an altitutle of 
10,000 feet 95 per cent, of tlie winds hoth over western 
Europe and over the United States blow from west to 
east (i. e., have a westerly component,), Cnpt.. Sherry, 
in 191 '7, suggested the development of a large prcigri~nl 
for the estension of the use of pilot balloons for the p ~ r -  
pose of flooding the whole of Geriiiany and Austria w-it,h 
.propa anda dropped from such balloons. The project 
was su % niitted to the meteorological and military agencies 
in France and pronounced uideasible, chiefly because the 
rapid diffusion of hydro en through rubber had hcreto- 

of inore than about IO0 miles. Undiscouraged, however, 
by those reports, Mr. W. J. Lester and Dr. S. R. Killiams 
and Sergt. Redman atbacked the problem of extonding 
tho range of pilo t-balloon flights by tleve1opiii.g an auto- 
iliatic ballast con t n ~ l  and by reducing the diffusion l y  
means of a special dope. 

The nu tomatic :on trol was ingeni?usly simplc, i tu 
essential feature being 1% bellyband which kept the girth 
of the balloon constant (at a diameter of 4 feet) through 
tlie &charge, in the act of shrinking, of a few drops of 
kerosene, thus causing rcascension and conseyuen t 

. 
3. Tht. t l€' t 'dO]Nti  E l i t  Of bItg-)nIi$e pIWlKLgCLIidC6 /)<!I- 

fore rendered it inipossib 9 e to obtain pilotrhalloon flights 

es]~ansion. 
With this device the balloon not only does not fall. 

hut rises very grridually to higher and higher levels until 
its lmllnst of kerosene or alcohol is eshausted. 

In the week beginning Octoher 3, 1918, 60 such bal- 
loons. adjusted to fly between the.initis1 and final alti- 
tudes of 15,000 and 25,000 feet, respectively, were sent up 
from Fort Omaha, Nebr., carrying return cards and 
watches, which were arrariged to sto and be let down on 

was exhausted. 
Thirty-four out of 60 of these balloons were picked up 
and returned to Washington. Instead of flyin 100 

Tork, 1,100 miles from Fort Omaha: another was re- 
t u~ned  from Virginia, 930 miles from its starting oint; 
and the rest were scattered over Ohio, Kentucky, Il\nois, 
Wisconsin, and Iown. Not one went west of Omaha, 
though the halloons were sent up on days on which 
different surface conditions prevailed. 

smdl  parachutes as soon as the halast  li 
niiles, one of them came dowii within 10 miles o P New 

The credit for this achievement, the significance of 
which will he discussed later, is due prinia~ily to Mr. 
I,est,er, Capt,. Sherry, Dr. ~Villianis. and Sergt. Redman. 
At the t.ime of the. signing of thc armistice the Military 
1ntelligeiic.r 8crric.e was preparing for the ostcnsiw use 
of tlicse 1itill~ini1s for fiootling tlic whole of Germany, 
Austria, and even pnrts of Russia with suitalde leaflets, 
severti1 liiIiidrc(I of 1%-1iic.h c~c:1ultl have hcru sc*ntt.ered by a 
singlo ~ ~ i ~ l ~ O l J 1 1 ,  the to tal cost of which ~voiild have been 
hit t, two or three clollars. 

hili- 
rudc. 

E l l P n ~ h l P .  
N. Dak. 
I W .  5. 

47 I ........ ...... 
51; 1 .  ....... I F! j ........ I:::::: 
18 ~ ............... 

53 ................ 

3, ....... , ...... 

5Y I ............... 
I%% i ...... ..: ...... 

............... 
('is I ...... ..,...... 
i 4  ,. ' ...... ; ...... -- , , .............. 
xs I.. ..... ., ...... 
1;; ....... .I.. .... 
i3 ....... .' ...... 
111 I ........ : ...... 
IBI . . . . . . . . . . . . . .  
I d ' . . . . . . .  ..... 

- .  
r -  

i m w ,  I ;i ~ ........ ~ ...... y;: i l iY I .............. 
1;5 I .............. 
r X  : .............. 

;:w. I ,, ! i .............. 

7% . . . . . . . . . I  ...... 

........ ....... ........ 
5!J ........ i ....... I ............. 
3!l ....... .:. ............. .I.. .... 

I : SI1 ~ ~ 

...... 
57 
4 1  

4 1  
4; 

....... _, ............... .I.. .... 

........ ! ....... i ........ 1 ...... 

......... ' ....... i ........,...... 
.... 

. I . .  .... 
.............. 
............ 

RJrt Oplv- 
thorp. Iki. 

so\.. ?!. 

I 
Ilirrr- Ve- 
tion. locity 

Mi8J 
nu.. 7 
IIW. 8 
nw. 11 
w n v .  19 
U'. ?!I 
W. 31 
w. 30 
w. :j1i 
w . 4 1  

-. _. 

IV.  ! 41; 
w s w .  ! 4; 
W'SW. I SI; 
wsw. : ili 
\\'%W. I 91; 

.......I ...... 
.............. 

.............. 

.............. 
..... 

.............. 

.............. 

.............. i ........ ........ i...... 

........ 1:::::: 

.............. 
....... 1 ...... 
.............. 
.............. 
.............. 
............. 

Mineola E. T. 
sept: I .  

-- 
1)irpr- Ye- 
tinn. lotily. 

Mis./h. 
11. 1s 
n. 51 
n. 65 
11. 29 
W. 22 
W. 20 
w. 11 
wsw. 13 
sw. 25 
SW. 4i 
sw.  63 
SW. 55 
sw. 54 
SW. 5.5 

-- 

sw. 

........ 

........ 

........ 

........ I....::; 

........ 1:::: ... ........I ....... 

........ , ....... 
I ................ 

............................. 

.............................. 

.............. , .............. 

............................. l : l  

....... 1 .......I :.._.. I I I  ..... 

........ !__.. ...,...._.... 1::::::: 
.......I ....... ,.'.... ' ' 1  ....... 

. . . . . . . . . . . . . . . . . . . . . .  ::I::::::: 

. ......I........ ..... 
....... I ........ I ............. 
........ (....... ....... 

............... ........I....... 
.............. ........I....... 

.......I .............. I ....... 

I 

....... I ....... I ...... 

....... I.'..... ............... 

....... 1 .......,. .............. 
................................ 
....... 1::: :'"' ............... 
....... ..., ............... ....... I ............... 

....... !... ............ 
__ I -- 

NoTE.--l'hefliglitsof N O ~ .  1mal N O ~ .  l ~ b r e a n a t i 3 . m . . t h s t o r N o ~ . ~  st_7.39a.m.. 
and thnt of Dee. 15 at s.21: 3. m.. cWIh mrridin time. while that of Sept. I brgiii u t  
i.01; a. m.. i5th meridinn time. 

4. The cha.rfing o thc t i p ] m  oir i t i  aid qfnrintio?i.-In ii 

' l4'lying m:whines of tlie future going ong distances will 
travel at  least Y2,OOO feet up, where no wind blows escept 
tile gentle eastern wind caused by the earth's motion on 
its axis." I t  is quite liliely that the future aviator will 
fly high, but his niotivB will be to tind an air current, not 
to escape one. The gentleness of the zephyrs esisting a t  
high altitudes may be seen froill Table 1 ,  which records 
fire sets of pilot-hslloon obsernitions recently taken by 

P recent Brishnne e d itorial the followin sentence occurs: 



APRIL, 1919. MONTHLY WEATHER REVIEW. 2 15 

tile Signal Corps. These observations show air currents 
increasing in intensity with increasing altitude and ap- 
proaching the huge speed of 100 miles per hour. Such 
speeds are perhaps exceptional but not a t  all uncommon. 
The. pilot balloon mentioned in section 3 ttbore, traveled 
froin Omaha to Virginin 1i.t 8 1 1  uvercigc! speed of 30 niilcs 
per hour, the avers e height being 15,000 feet. On No- 
vember 6, 1918, a t  f !hattn.tiocieit, '1'etiii., a velocity of 154 
miles ita hour pt  an altitude of 3S,1)00 feet was observed 
by one of tlie meteorological units of the Signal Corps. 
These fa& bring out the importsnce of a forecast. of surh 
currents for tlie Ijurpose of long flightas. A flier aided hy 
such a wind as that 1mt mc~ntioiiecl woulcl niove towsrcl 
his objective 2 x 154, or 30s miles an hour more rupitlly 
than if lie were oppcwd by it. when i t  is rec.:i.lle(l t1in.t 
the aviator above the rloucls litis iio means of knowing 
anything about the motion of the air in w-1iir.h ho Ries it 
will he seen that i t  is of the greatest importsnw to him 
to know the nature of the rurrcnts a t  cliflt~reiit~ lends. 
Table 2 furnishes R very typical illustrii.tion of t.liis 
importance. 

TABLE 2. 
-. __ . . . . . . . . . . . . . .  

Wind 
direction Altitude. 

M l m .  

Purlare. ........................................................... 11w. 
5w ............................................................... ! c. 
1.1100 ............................................................. ' c .  
.z.ooo ............................................................ I ne. 
3. ooo .............................................................. w. 
..hm ............................ r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  nw. 
12. wo ............................................................. nw. 

Win i . 
ye locity. 

.Mlcs 
p r r  hour. 

2. ? 
5. s 
s. 3 
S 4  
5.4 

21. l i  
49.2 

Weather Bureau in Washington. From the pilot-balloon 
observat,ions chart,s are coiist.ruc.t,ed showing the wind 
dircct,ion and vclocity a.b tlie various levels; for instance, 
oiic chart shows the wind clirection and velocity near 
t.ho ground, anothcr chart show-s the wind direction and 
w1ocit.y 500 nic?t,ers almve t,lic! ground, and additional 
charts show t.he wind tlirection ctnd velocity a t  the fol- 
lowing 1evols: 1,000, 1,500, 2,000, 3,001), and 4?000 nieters 
a h v c  the ground.1 The forccnst,er ctt Washington has : 
tho rarious charts before h i ,  showing wind and weather 
conditions prwailing ovcr the Uiiit,eil States, within an 
hour and a half after the ol,st!rvntions are macle. From 
these c1ia.rt.s lie prepres the forecast of weitther contli- 
tioiis for the ~aricnis sections of the Unit,etl States, and 
sl blic s tme  time prepares a statement of the wind ttnd 
weather conditions tit, various altitudes itloii~ the various 
air rout,es for the use of aerial mrigation. '&is service is 
nlreaily being used hy t,hc Aerisl hhil Service. It, is also 
used by the niilitnry fliers, 8s is evidenced by telegraphic 
requests rrceived tit va.rious niilitnry nicteorologicnl 
sba tioiis for speciti.1 reports on the wcwtlier and wind 
conditions whcn long-tlista.nce' flights are coiitemplatecl. 

'rho problnni of esploring the upper-ttir c.urren ts over 
thc Atlti.nt.ic wii.s at. i h t  t,livuglit. insoluble on atccount, of 
t.he rthscnce of fisd bwee, but. t,hc success of t.lic Metcoro- 
logicnl Servicc. hi cleveloping its long-range propaganda 
balloons has nuw iiiaclo possihle the! niapping of the upper- 
air highways zicross t.he Btln.iit,ic, for arrn.ngrnients are 
being ninde t.o send up 1-jot.11 from const.a.1 stations a.nd 
from t,ritiis-;~t.lantic. st,eaiiiers these long-innw balloons 
clesigncd now for froin 2,000 to 3,000 mile nights, and 
adjustptl t,o iiiniiit,uiii n cuiietniit. dt.it.uile and to drop in 
west.cni Europe their records of average winds in these 
herstc ifore unchartnljle regions. The ii:iport.niicc of tdiis 
work for thc fut.ure of nvitttion iieeils no eniphnsis. 

The! B U C C ~ ~ S  wliich the Mctecirologicnl Service has at- 
t,ciiiie(l would have been whiilly iiiipimiblc had it, not been 
fur  the intimatme a.nd eff ttc t.ive coopern.t,ioii wliic!i has been 
cst,cntlod tmo it. in nll of it,s proji?c.t,s by the 1;nitcrl Ytntes 
\,Yi:at.hor Uurc!liu t,lirtiuph its cliicf. Prof. C!. 1s'. Marvin, 
:mi1 i t s  c!rit,irc! stmitt€. 'l'h chiid crcvlit. for t,lie work zt11roti.d 
shoiiltl go t u  Lisut. C b l .  .WiUinni 11. Blair, coniniissionetl 
froni t4he Went.hor Burcli71 for tht! ohYnrvilt.ioiii~1 work 
wit.11 t.lic. -4. E. F. For t.lw suc'ccss of t,hc sarvico in this 
country Chpt.. Shrrry mid Liiwt,. Wat.srniaii have tdw 
rliic!f respoiisibi1it.y. Chpt,. Murphy itlid Prof.. Fassig 
littve, liowevrr. colit.rihut.d w r y  iiiiport,ant elements. __ _____---- 

1 See fig. 3. 11. ?AI~. I ~ I B W .  

From t.he abovc data it is evidcnt th t t  on t,his OCCR- 
aioii an aviator flying townrtl tlie west should fly a t  an 
altitude of 1,000 metem? while an aviator flying toward 
the east should fly a t  an altitude of 4,000 meters or more. 

In  order to meet the obvious need of ths aviator fqr a 
knowledge of the upper-air currents, t.hc Signal Corps in 
the sumnicr of 1017 undertook for t,he first t,inic in hisbory 
:I. general pro rani of syst,enint,icnUp ilia ping tJio u p p r -  

ern Europe in aid of aviation and >art.icularlv wit.11 ref- 
erence to trans-At,lantic fli ht. B J ~  the fd1 of 191s 

United Sta.tqs were in full operation in place of tho 1 
station which had misted before the war. From thew 
stations reports are t,elegrnphed twice daily t.0 the 

air currents o f the Unitcd St,ates, the At P antic, and west- 

36 upper-air stations care P ully di'strihut,ed over the 
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THE MILITABY METEOROLOGICAL SERVICE IN THE UNITED STATES DURING THE WAR. 

By BERTRAM J.  SHERRY, ('aplain. Signall Corps. and A L ~ N  T. W A T E I ~ M A N .  Firat  1,ieutc~iiaiil. Signal ( 'orps. 

[ Dstrd: \I'sshinglrm, 

Previous to the beginning of the mar in 1914 no nation, 
with the possible esception of Germany, hnd niade provi- 
sion for meteorological work as used in niodern warfare. 
It is true that surface meteorological observations were 
niade at some of the military posts, but no systematic 
meteorological work 8-as attempted nor had an\r .upper- 
air observations been made with a view to providing tbe 
Air Service arid the Artillery with necessary meteoro- 
lngirttl data. In the Unit,ed States tile Weather Burenu 
has always maintained an efi.cient civilian nieteorologicn.1 
service ant1 l im ~rru1iiulatet1 an eiioimious amount of 
data, both of surfnce and of upper-air iiieteorologicnl con- 
ditions, and I J t d  not tliese data heeii itvtiildde during 
the w-ar a, great many aviation and artillery problem 
would have been much more difficult,. 

I). C., May 15. 1919.1 

W-itii the prescn t, tlevrlcipnient. of aviutinii it l~econieu 
highly desiraI)lc that II more 111 t.iniate knowledge of upper- 
air conditions be obtinecl. Tilt .  d e ~ e l n ~ ~ n ~ c ~ n  t of niodern 
artillrry niakes it  nrccssiiry that cert,:i.iii c'orrev tions for 
variat,iou froin nori?inl iii t!:e ctt,iiios$wi : c.ontlitions he 
inr.orporatc.tl in artillery ritiigc tddes. For instance, it 
Iias lwen found tiiiit i n  firing t.: c i5-1iinl. gun a t  a tar- 
get. 7,000 metprs away t i n  opwsi..ig wiiitl of 10 I-iieters per 
second xi11 c i ~ i  se t e Iwijoctilc! t.o fall nrcirly 400 meters 
(a  quarter (if n iiiile) s:.cirt vf t' e t.?rgct. In orcler to 
~iiukp tl:e pr,>per clhrrection to €I c aim 111 art.illery fire it 
is IIC.~C-SS;L~J- to kiiow t:.c wind direction iiiid speed a t  
vitrioi:s illtit.l;des up t,o tl e ninsiiiium Iieiglit reached by 
the projectile. In  t.be chsc cited nhove this would be 
npprosinia tely 2,000 me teis. Besides making corrections 


